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Objectives: This prospective study investigated persistent reflux of the below knee great saphenous knee (GSV) 2 years
after stripping the above knee GSV and the effect on reflux of postoperative incompetent perforating veins (IPVs).
Methods: Included were 59 consecutive ambulatory patients in a community hospital with untreated primary varicose veins
and reflux of the saphenofemoral junction and at least the GSV in the upper leg. Patients underwent a preoperative clinical
examination and color flow duplex ultrasound imaging. Postoperative evaluations were at 6 months and 2 years, and 67
limbs were re-evaluable. This analysis was adjusted for age, CEAP, follow-up period, and preoperative reflux using a
multivariate logistic regression model. The difference in diameter of the GSV below the knee before and after surgery was
measured and tested with the paired t test.
Results: Clearly visible varicose veins in the GSV below the knee were seen in 49 limbs (73%) before surgery and after
surgery in 11 limbs (16%) at 6 months and in 15 limbs (22%) at 2 years. Reflux in the below knee main stem increased
from 81% before surgery to 84% at 6 months and 91% at 2 years after surgery. Reflux in the posterior calf tributary of the
GSV decreased from 67% before surgery to 64% at 6 months and 59% at 2 years after surgery. The mean diameter of the
below knee GSV main stem decreased from 4.7 mm before surgery to 3.3 mm 6 months after surgery (P < .001), but
increased to 3.6 mm 2 years after surgery (P < .05). The mean diameter of the posterior calf tributary of the GSV
decreased from 3.5 mm before surgery to 2.7 mm at 6 months (P < .001), but increased to 2.9 mm at 2 years (P < .05).
Univariate and multivariate logistic regression shows no association between reflux in one of the GSV below knee
branches and postoperative IPVs.
Conclusion: Many patients (91%) that undergo a short stripping procedure will have a persistent reflux of the remnant
below knee GSV tributaries postoperatively. This incompetence of the distal GSV is independent from the proximal GSV
as well from insufficient perforating veins. There seems to be a tendency to worsening of the clinical signs and symptoms
between 6months and 2 years after surgery, and this goes along with an increase of reflux and diameters of the GSV below
knee remnants. ( J Vasc Surg 2009;50:831-4.)Superficial venous surgery of the great saphenous vein
(GSV) has changed in recent years from stripping from
groin to ankle to stripping solely just below the knee. The
main reason for this change to short stripping is the large
incidence of saphenous nerve damage after stripping seg-
ments of the GSV that are below the knee.1,2 Stripping the
above knee GSV leaves the distal part of the GSV below the
knee intact. Although persistent reflux in the below knee
GSV has never been a major study objective, a few studies
have revealed that a significant number of these patients
have a persistent reflux in the below knee GSV from 2
months up to 2 years after this type of surgery.3-6
This study was designed to investigate the occurrence
of persistent reflux of the GSV below the knee after a short
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incompetent perforating veins (IPVs) on this reflux.
MATERIAL AND METHODS
This was a prospective study in 59 patients (74 limbs)
with untreated primary varicose veins who underwent short
stripping of the GSV. The patients were a mean age of 53.4
years (range, 25-83 years). All patients had participated in
an earlier study.6 Consecutive ambulatory patients who
presented to the dermatology or surgery department with
untreated varicose veins (no conservative treatment and no
intervention of any kind previously) were asked to enroll in
the study. Patients with varicose veins and reflux of the
saphenofemoral junction and reflux of at least the upper leg
part of the GSV were included. Patients with reflux in the
deep venous system of the lower leg (vena poplitea) and
patients with a history of deep venous thrombosis were ex-
cluded. Five patients (7 limbs) did not return at the 2-year
follow-up for reasons not related to the study.These 5patients
were significantly younger than the other patients and had a
more successful clinical outcome at 6 months. A total of 67
limbs were re-evaluable. The study was fully approved by the
hospital medical ethics committee.
All patients were assessed by a preoperative clinical
examination and preoperative color flow duplex ultrasound
(CFDUS) imaging (GE Medical 2294512, linear M12L
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cular technician. Re-evaluation by clinical examination and
CFDUS imaging was done 6 months and 2 years after
surgery by the same investigator and the same vascular
technician.
At the clinical examination, clinical severity was graded
according to the standard CEAP score.7 Clearly visible
veins, defined as veins that are larger than spider veins and
reticular veins,7 were noted and photographed.
For the CFDUS investigation, the entire venous system
from groin to ankle, including the deep, superficial, and
perforating veins, was carefully examined. The investiga-
tion was performed in the standing position. Reflux was
measured every 10 cm on all sites. The GSV below the knee
was divided and investigated in two tributaries: the main
stem (GSV itself) and the posterior calf tributary.
Reflux was defined as retrograde flow on the Valsalva
maneuver or release after distal compression, or both. A
retrograde flow of0.5 seconds was considered as reflux in
the superficial and perforating veins, and the criterion was
retrograde flow of 1 second in the deep venous system.
The most proximal IPV in the area 10 cm distal to the knee
was marked preoperatively. Diameters of the two GSV
branches below the knee were measured before and after
surgery.
Surgery was performed by two experienced surgeons
who were affiliated with the same institution. The surgical
procedure conformed to the current surgical standard for
treatment of varicose veins of the GSV, including dissection
of the saphenofemoral junction and stripping of the GSV
from the groin to just below the knee. Patients could
choose between spinal and general anesthesia, and most of
them chose spinal anesthesia.
All operations were considered to be technically suc-
cessful. Additional stab avulsion on the lower leg was not
done to study the effect of short stripping of the GSV on
these veins. In patients with a significant IPV in the proxi-
mal calf, GSV stripping was done from the groin to 2 cm
above that vein. This allowed us to investigate the possible
influence of preoperative IPVs in the lower leg on postop-
erative varicose veins of the GSV in the area below the knee.
All patients received prescription compression stockings for
Table I. Preoperative and postoperative clinical data for 6
Variablesa
Pre-op
(t0)
Visible varicose veins (below knee GSV) 49 (73)
GSV main stem
Reflux 54 (81)
Diameter, mm 4.7  2.2
GSV posterior branch
Reflux 44 (67)
Diameter, mm 3.5  1.9
GSV, Great saphenous vein.
aCategoric data are presented as number (%), continuous data as mean  st6 weeks.Study outcomes were (1) reflux in the GSV tributaries
below the knee and the association between reflux in these
GSV remnants and postoperative IPVs connected to these
tributaries, (2) visible varicose veins in the GSV below the
knee, and (3) change of diameters of GSV remnants.
The association between postoperative reflux in the
twoGSV tributaries below the knee and postoperative IPVs
was determined by use of univariate and multivariate logis-
tic regression models and reported as odds ratios. This
analysis was adjusted for age, CEAP, follow-up period, and
preoperative reflux again using a multivariate logistic re-
gression model. In 15 patients, both limbs were included in
the study. To account for the correlation of the data within
each of these patients, these analyses were done using the
cluster option in Stata 10 software (StataCorp, College
Station, Tex). The percentages of varicose veins and GSV
reflux before and after surgery were compared with the
McNemar test, and the difference in diameter of the GSV
below knee level before and after surgery was tested with
the paired t test. Statistical significance was set at a value of
P  .05. All analyses were conducted using Stata 10 soft-
ware.
RESULTS
The distribution of the CEAP score was 49 C2 (73%),
12 C3 (18%), 5 C4 (8%), and 1 C5 (2%). The mean period
in which the patients returned for the CFDUS examination
was 21 weeks (range, 6-45 weeks) for the first follow-up
and 94 weeks (range, 73-111 weeks) for the second. The
mean period in which the clinical re-evaluation was done
was 25 weeks (range, 5-50 weeks) for the first follow-up
and 96 weeks (range, 76-114 weeks) for the second.
Clinical evaluation. Clearly visible varicose veins in
the GSV in the area below the knee were seen in 49 limbs
(73%) before surgery. This number decreased significantly
to 11 limbs (16%) 6 months after surgery. After 2 years, a
slight but, compared with the 6-month results, not signif-
icant increase to 15 limbs (22%) occurred. Compared with
the preoperative number of limbs with clearly visible vari-
cose veins, the 2-year results were still significantly de-
creased (Table I).
CFDUS evaluation. A refluxing GSV could be de-
bs
6 months
(t1)
2 years
(t2)
P
(t0-t1) (t1-t2)
11 (16) 15 (22) .001 .13
56 (84) 61 (91) .63 .27
3.3  1.3 3,6  1.3 .001 .015
42 (64) 39 (59) .65 .63
2.7  1.1 2.9  1.2 .001 .023
d deviation.7 limtected in the upper leg in 6% of the patients. Reflux in the
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surgery to 84% at 6 months and to 91% at 2 years after
surgery, and reflux in the posterior calf tributary of the GSV
decreased from 67% before surgery to 64% at 6 months and
to 59% at 2 years after surgery. Both changes were statisti-
cally not significant (Table I).
Statistically significant differences were noted in GSV
diameter changes. The mean diameter of the GSV main
stem below the knee decreased from 4.7mmbefore surgery
to 3.3 mm at 6 months after surgery (P  .001). Between
6 months and 2 years after surgery, this diameter increased
to 3.6 mm (P  .05). The mean diameter of the posterior
calf tributary of the GSV decreased from 3.5 mm before
surgery to 2.7 mm at 6 months after surgery (P  .001).
Between 6 months and 2 years, this diameter increased to
2.9 mm (P  .05).
Before the operation, 47 IPVs connected to GSV trib-
utaries below the knee, of which 17 were connected to the
GSVmain stem and 30 were connected to the posterior calf
tributary. After the operation, 44 IPVs were connected to
the GSV tributaries below the knee, consisting of 15 con-
nected to the GSV main stem and 29 connected to the
posterior calf tributary.
Table II reports the results of the regression analysis of
the relationship between reflux in the two GSV tributaries
and postoperative IPVs connected to these tributaries. Uni-
variate and multivariate logistic regression both showed no
association between IPVs and reflux in any of the GSV
tributaries below the knee.
DISCUSSION
The current study shows that reflux in the residual
below knee GSV after short stripping persists in many
limbs. The number of limbs with reflux in the main stem
even increases after surgery, from 80% before to 84% at 6
months and to 91% at 2 years. This persistent reflux is not
significantly associated with postoperative IPVs connected
to these tributaries. Furthermore, the clinical symptoms
below the knee also deteriorate between 6 months and 2
years after vein surgery. The number of limbs with visible
varicose veins increases from 16% to 22%, and the diameters
of the GSV remnants below the knee also increase.
The follow-up period varied from 5 to 50 weeks and
from 73 to 114 weeks, which could affect the observed
Table II. Odds ratio between postoperative reflux in the
great saphenous vein main stem and posterior branch
below the knee and postoperative incompetent
perforating veins related to these branches
Variable
Univariate
OR (95 % CI)
Multivariate
OR (95 % CI)
Reflux GSV
Main stem 1,932 (0,207-18.047) 2,049 (0,193-21.803)
Posterior 1.685 (0.548-5.178) 2.955 (0.835-10.450)
CI, Confidence interval; GSV, great saphenous vein; OR, odds ratio.occurrence of varicose veins; however, adjusting for follow-upduration did not influence the results. The study protocol
was specifically set up not to perform any additional therapy
for visible varicose veins below the knee because this would
influence the results. This allowed us to observe the influ-
ence of short stripping of the GSV on the GSV below the
knee and to investigate the possible relationship between
preoperative IPVs and residual GSV varicosities below the
knee. Finally, although the five patients who did not return
for the 2-year follow-up appointment were significantly
younger and had a more successful clinical outcome at 6
months, we do not think this substantially influenced our
results.
Residual reflux in the GSV below the knee after short
stripping has not been a main study objective in previous
studies. However, available data (Table III) show persistent
reflux from 44% to 69% in studies with a comparable
follow-up.3-5 Our results are higher, up to 91%. We think
that the different surgical approach (no additional stab
avulsions and stripping only until 2 cm above incompetent
paratibial perforating veins), the 6% failure rate, and that
residual reflux in the below knee GSV was the main study
objective might explain the difference.
Because the proximal GSV has been stripped from the
saphenofemoral junction to the knee and IPVs were not
associated with persistent reflux in the GSV below the knee,
we questioned the origin of the refluxing blood in these
below knee components of the GSV. If reflux in the below
knee level GSV were the result of extension of reflux from
the proximal GSV, one would expect this reflux to disap-
pear substantially after surgery. This was not the case in our
study.
Another explanation may be that the reflux in the
persistent below knee GSV tributary is caused by primary
insufficiency of this segment. Structural weakness of the
vein wall is one of the most popular recent theories on the
pathogenesis of varicose veins.8 This weakness, causing
dilatation of the vein, valve dysfunction, and eventually
reflux, can occur anywhere in the venous system of the leg9
and also in the below knee GSV tributary. In fact, reflux of
the below knee GSV segment occurs in 9% to 15% of
patients with varicose veins who have a normal saphe-
nofemoral junction and GSV of the upper leg.10-12
A further explanation could be the altered hemody-
namic situation after surgery. According to Turton et al,13
venous flow must be rechannelled after venous surgery in
an antegrade direction through the remaining superficial
Table III. Prospective studies that describe postoperative
reflux in the great saphenous vein below the knee after
short stripping
First author Limbs, No. Reflux GSV, % Follow-up, y
Blomgren,3 2005 50 44 2
Mackenzie,4 2004 29 48 2
Mackenzie, 5 2002 25 69 2
GSV, Great saphenous vein.and deep veins of the leg. This sudden hemodynamic
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deep veins causes redistribution of venous flow and could
overload veins that have been previously competent. The
latter veins might already have had an inherent weakness, or
this uncovers others that were partially incompetent but
were masked by the main source of reflux.13 This so-called
neoreflux may appear in a substantial number of patients,
despite complete abolition of sites of reflux that were
identified preoperatively.13 We noticed in our patient
group an increase in reflux in the GSV main stem and an
increase in diameters of the GSV tributary below the knee
between 6 months and 2 years after surgery. These phe-
nomena could be the result of progression of venous dis-
ease or could be caused by the previously mentioned neo-
reflux.
The results of our study have major implications for the
hemodynamic as well as clinical symptoms and signs of our
patients. Persistent reflux in the below knee GSV will lead
to venous hypertension. The latter is thought to play a key
role in all the signs and symptoms of chronic venous
disease.14 Furthermore, superficial reflux can lead to reflux
in the deep veins.15
The results of the current study underline the often-
practiced procedure to perform additional sclerotherapy of
the persistent varicose veins on the lower leg after vein
surgery. In our daily practice, we now perform foam scle-
rotherapy under DUS guidance in these patients. The fact
that reflux in the GSV below knee remnants is present in
many patients, but visible in a much lower proportion,
combined with the fact that reflux can be considered as a
precursor for future varicose veins, could imply that its
beneficial to treat all the insufficient GSV segments.14
Future studies are needed to prove this concept.
Recent publications about minimally invasive ablation
techniques like endovenous laser treatment of the above knee
GSV segment show comparable results: 40% to 50% of the
patients have a reflux in the below knee GSV remnant.16,17
CONCLUSIONS
The results of the current study show that many pa-
tients, 91% in our study, who undergo a short stripping
procedure will have a persistent reflux of the remnant GSV
branches below the knee after surgery. This incompetence
of the distal GSV is independent from the proximal GSV
part as well from IPVs. Worsening of the clinical signs and
symptoms occurs between 6 months and 2 years after
surgery, and goes along with an increase of reflux and
diameters of the GSV remnants below the knee. Further
studies are needed to investigate the effect of treatment of
the GSV remaining below the knee after surgery, for in-
stance, surgery combined with additional ultrasound-
guided sclerotherapy or even ultrasound-guided sclero-
therapy of the total GSV.AUTHOR CONTRIBUTIONS
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